1. Introduction {#s0005}
===============

Aortic valve stenosis (AS) is currently the most common valvular heart disease characterized by chronic left ventricular pressure overload, leading to left ventricular hypertrophy (LVH) [@bb0005], [@bb0010], [@bb0015]. Previous studies have shown that left ventricular ejection fraction (EF) is strongly associated with outcome in patients with AS [@bb0020], [@bb0025], [@bb0030], and it is clinically important to assess left ventricular volumes and function. Echocardiography and quantitative gated single photon emission computed tomography (SPECT) \[QGS\] are commonly used for assessing left ventricular volumes and function, and several studies have shown good correlations between the 2 methods [@bb0035], [@bb0040], [@bb0045]. However, their correlations in patients with AS remain to be investigated.

In the current study, we compared left ventricular geometric pattern between patients with AS and control subjects. We also assessed correlations in left ventricular volumes and function between echocardiography and QGS.

2. Methods {#s0010}
==========

2.1. Patients {#s0025}
-------------

The study population consisted of 28 patients with AS defined as a peak velocity of \> 3.0 m/s and 28 age- and sex-matched control subjects. Control subjects were selected according to the absence of both valvular heart disease and left ventricular hypertrophy (LVH). Patients with evidence of heart failure, renal failure (serum creatinine \> 2 mg/dl), atrial fibrillation or ventricular pacing were excluded in this study.

2.2. Echocardiography {#s0030}
---------------------

Comprehensive echocardiographic assessment was conducted by 2 experienced sonographers using commercially available ultrasound systems with 3.5 MHz probes. Interventricular septal thickness (IVS), posterior wall thickness (PWT) and left ventricular internal dimension (LVID) were measured at end-diastole according to established standards of the American Society of Echocardiography (ASE). Left ventricular end-diastolic volume (EDV), end-systolic volume (ESV) and EF were obtained using a modified biplane Simpson\'s method from the apical 2- and 4-chamber views [@bb0050]. These echocardiographic measurements were considered as the reference standard method. Left ventricular mass (LVM) was calculated according to the ASE-recommended formula [@bb0055]: LVM (g) = 0.8 × {1.04\[(IVS + LVID + PWT)^3^ − (LVID)^3^\]} + 0.6. LVM was divided to body surface area to obtain the LVM index. LVH was diagnosed as LVM index \> 115 g/m^2^ in men and 95 g/m^2^ in women.

2.3. Thallium-201 gated SPECT {#s0035}
-----------------------------

All patients fasted overnight, and underwent stress--rest thallium-201 (Tl-201) gated SPECT. Adenosine was infused over 6 min (120 μg/kg/min), and Tl-201 (111 MBq) was injected 3 min after the initiation of adenosine infusion. The stress Tl-201 SPECT acquisition was started 5 min after the stress test. Four hours later, rest Tl-201 SPECT images were also obtained. Gated SPECT images were acquired with a dual-head gamma camera system (Siemens E-CAM, Siemens Medical Solutions). Gating was performed with 16 frames per cardiac cycle, using a 60% beat acceptance window. Tl-201 SPECT images were acquired with a 10% symmetric window over the 80-keV Tl photopeak. The raw projection datasets were filtered with a Butterworth filter. No scatter or attenuation correction was applied.

Quantitative analysis of EDV, ESV or EF was performed on rest Tl-201 SPECT using a commercially available software package (QGS \[quantitative gated SPECT\], Cedars-Sinai Medical Center, Los Angeles, CA) [@bb0060]. Semiquantitative visual interpretation of Tl-201 SPECT images was performed with the short and vertical long axes divided into 17 segments. Each segment was graded using a 5-point scoring system (0, normal uptake; 1, mildly reduced uptake; 2, moderately reduced uptake; 3, severely reduced uptake; 4, absence of detectable radiotracer in a segment). Patients with sum of rest score \> 6 were excluded in this study because it might affect QGS measurements.

2.4. Statistical analysis {#s0040}
-------------------------

All data are expressed as mean ± SD. Student\'s unpaired test and chi-square test were used to evaluate the difference in values between patients with AS and control subjects. Student\'s paired t-test was used to evaluate the difference in values between echocardiographic and QGS methods in each group. Pearson\'s correlation coefficient and regression analysis were used to evaluate the correlation between the 2 methods. Bland--Altman plot was applied to assess the agreement between the 2 methods. The regression of the mean and the difference between values assessed by echocardiography and QGS were analyzed. Differences were considered significant if the p value was \< 0.05.

3. Results {#s0015}
==========

3.1. Patient characteristics {#s0045}
----------------------------

Patient characteristics are shown in [Table 1](#t0005){ref-type="table"}. There was no significant difference in age, gender or BMI between patients with AS and control subjects. Patients with AS had a peak pressure gradient of 73.4 ± 24.5 mm Hg. Patients with AS had a larger RWT (0.44 ± 0.08 vs 0.36 ± 0.05, p \< 0.01) and a larger LVM index (115.5 ± 29.2 g/m^2^ vs 78.3 ± 12.1 g/m^2^, p \< 0.01) compared to control subjects.Table 1Patient characteristics.Patients with ASControl subjectsp value(n = 28)(n = 28)Age (years)78.0 ± 8.077.6 ± 6.5nsMale gender14 (50%)14 (50%)nsBody mass index (kg/m^2^)23.4 ± 4.023.5 ± 3.3nsPeak pressure gradient (mm Hg)73.4 ± 24.5----Interventricular septal thickness (mm)10.5 ± 2.08.3 ± 0.8\< 0.01Posterior wall thickness (mm)10.4 ± 1.58.3 ± 0.9\< 0.01Left ventricular internal dimension (mm)47.2 ± 4.945.8 ± 3.5nsRelative wall thickness0.44 ± 0.080.36 ± 0.05\< 0.01Left ventricular mass index (g/m^2^)115.5 ± 29.278.3 ± 12.1\< 0.01Left ventricular hypertrophy16 (57%)0 (0%)\< 0.01Sum of rest score1.0 ± 1.70.6 ± 1.2ns

3.2. Left ventricular volumes and function {#s0050}
------------------------------------------

Left ventricular volumes and function assessed by echocardiography and QGS are shown in [Table 2](#t0010){ref-type="table"}. On the 2 methods, EDV was significantly larger in patients with AS than control subjects. EF was similar between the 2 groups. Underestimate of EDV on QGS was significantly lower in patients with AS than control subjects (20.5% vs 31.8%, p \< 0.01). Underestimate of ESV (21.7% vs 32.6%, p = ns) or EF (− 0.9% vs − 0.4%, p = ns) on QGS was similar between the 2 groups.Table 2Left ventricular volumes and function.Patients with ASControl subjectsp value(n = 28)(n = 28)Echocardiographic measurements Left ventricular end-diastolic volume (ml)86.9 ± 27.571.2 ± 13.5\< 0.01 Left ventricular end-systolic volume (ml)33.9 ± 22.025.7 ± 5.60.07 Left ventricular ejection fraction (%)63.1 ± 9.364.0 ± 4.0nsQGS measurements Left ventricular end-diastolic volume (ml)69.8 ± 31.9[⁎](#tf0005){ref-type="table-fn"}48.6 ± 11.0[⁎](#tf0005){ref-type="table-fn"}\< 0.01 Left ventricular end-systolic volume (ml)28.5 ± 26.5[⁎](#tf0005){ref-type="table-fn"}17.5 ± 5.9[⁎](#tf0005){ref-type="table-fn"}\< 0.05 Left ventricular ejection fraction (%)64.1 ± 13.564.2 ± 7.0ns[^1]

3.3. Correlations in left ventricular volumes {#s0055}
---------------------------------------------

There were good correlations in EDV and ESV between echocardiography and QGS in patients with AS as well as control subjects ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}). Bland--Altman plot for ESV showed a significant negative slope of − 0.51 in patients with AS.Fig. 1Correlation in left ventricular end-diastolic volume between echocardiography and quantitative gated SPECT in patients with aortic valve stenosis (upper panels) and control subjects (lower panels).Fig. 2Correlation in left ventricular end-systolic volume between echocardiography and quantitative gated SPECT in patients with aortic valve stenosis (upper panels) and control subjects (lower panels).

3.4. Correlations in left ventricular function {#s0060}
----------------------------------------------

There was a good correlation in EF between echocardiography and QGS in patients with AS as well as control subjects ([Fig. 3](#f0015){ref-type="fig"}). However, Bland--Altman plots showed significant negative slopes of − 0.40 in patients with AS and − 0.74 in control subjects. In both groups, the difference in EF between the 2 methods was smallest in the median value, and increased when EF increased or decreased from the median value. This effectwas manifested in control subjects rather than patients with AS.Fig. 3Correlation in left ventricular ejection fraction between echocardiography and quantitative gated SPECT in patients with aortic valve stenosis (upper panels) and control subjects (lower panels).

4. Discussion {#s0020}
=============

In the current study, we demonstrated the following: 1) patients with AS had a larger LVM index and a larger EDV compared to control subjects; 2) there were good correlations in EDV and ESV between echocardiography and QGS even in patients with AS and 3) there was a good correlation in EF between the 2 methods even in patients with AS, but Bland--Altman plot for EF showed a negative proportional error.

Compared to technetium-99m (Tc-99m)-labeled agents, Tl-201 is considered to possess poor image quality due to its lower photon energy [@bb0065]. However, recent development of myocardial collimeters and its better physiological properties have resulted in a renewed interest in the use of Tl-201 for gated SPECT. Maunoury et al. showed good correlations in left ventricular volumes and function between Tc-99m sestamibi gated SPECT and Tl-201 gated SPECT [@bb0070]. We as well as other groups have shown that gated Tl-201 gated SPECT is a reliable method for assessing left ventricular volumes and function with good correlation when compared to echocardiography [@bb0035], [@bb0040], [@bb0045], [@bb0075]. However, there has been no report assessing its reliability in patients with AS.

AS is a representative condition of chronic left ventricular pressure overload, and causes LVH and left ventricular remodeling. Previous echocardiographic studies revealed that LVH with large RWT was the most common geometric pattern in this condition [@bb0080], [@bb0085]. In the current study, about half of patients had this geometric pattern, and our results were consistent with those of previous reports. The current study demonstrated that there were good correlations in left ventricular volumes between echocardiography and QGS even in patients with AS. However, Bland--Altman plot for ESV showed a negative proportional error. There is a known scatter of photons from myocardial walls to the left ventricular cavity [@bb0090]. Small left ventricular cavity may likely intensify the scatter problem, creating difficulties for the automatic QGS to define the endocardial surface properly. In the current study, patients with AS had various geometric patterns, and ESV widely ranged from 17.0 ml to 130.5 ml on echocardiography. Smaller ESV is likely to be more underestimated on QGS, possibly resulting in a negative proportional error. Previous studies demonstrated a good correlation in EF between echocardiography and QGS. However, most studies have only used Pearson\'s correlation coefficient for comparison between the 2 methods. The current study also showed a good correlation in EF between the 2 methods even in patients with AS, but Bland--Altman plot for EF showed a negative proportional error. In the current study, EF was negatively associated with EDV and ESV. Therefore, more underestimates of small ESV on QGS lead to less underestimate of preserved EF, and less underestimate of large ESV on QGS lead to more underestimate of depressed EF. This was the most possible reason causing a negative proportional error in EF. QGS is useful in assessing left ventricular volumes and function even in patients with AS, but cardiologists should recognize its specific characteristics.

There were several limitations in this study. First, this study included only patients with moderate to severe AS, and provided no information in patients with mild AS. Second, cardiac magnetic resonance is increasingly utilized for dynamic imaging with the expectation that will provide more accurate measurements of left ventricular volumes and function compared to echocardiography [@bb0095], [@bb0100]. However, it is expensive, and of limited availability. Finally, a small sample size was the major limitation of this study.

In conclusion, QGS is a useful method for assessing left ventricular volumes and function even in patients with AS, but cardiologists should recognize its specific characteristics.
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[^1]: p \< 0.01 vs echocardiography.
